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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

Functional analysis of a -1,3-glucanase of Lotus japonicus in the regulation of
nodule formation

Name: Ken-ichi OSUKI

This thesis comprises 6 Chapters. Leguminous plants utilize atmospheric nitrogen as N-source by
symbiotic nitrogen fixation with rhizobia. This symbiosis allows legumes to survive in
nitrogen-limiting environments. However, excessive root nodule formation can inhibit plant growth.
Therefore, host legumes strictly control nodule formation. In this thesis, physiological function of a
B-1,3-glucanase of Lotus japonicus is mainly discussed in the regulation of nodule formation.

Chapter 1 gives a general introduction of legume-rhizobium symbiosis and the regulation of
nodule formation.

In Chapter 2, a split-root culture system of Lotus japonicus was established to investigate the
function of a phytohormone abscisic acid (ABA) in the regulation of nodulation. Abamine, an
inhibitor of biosynthesis of ABA, was also employed. Although ABA inhibited nodulation, ABA was
not a signal molecule of the systemic regulation of nodulation.

In Chapter 3, expression profile of LjGlul, one of the B-1,3-glucanase genes of L. japonicus, was
characterized. LjGlul was identified as one of the genes that were strongly induced by ABA. The
expression of LjGlul was controlled by HARI1, a main regulator of the systemic regulation of
nodulation. However, ABA did not increase in the regulation of nodulation mediated by HARI.
RNAIi of LjGlul increased the number of nodules. These results suggest that the expression of
LjGlul is regulated by at least two different pathways, i.e. ABA-dependent and ABA-independent
pathway, and that LjGlul is induced to inhibit nodulation.

In Chapter 4, the expression profile of LjGlul was further investigated. LjGlul was induced not
only by phytohormones ethylene and cytokinin that inhibit nodulation but also by nitrate.
Inoculation of a plant pathogen, Pseudomonas syringae, also induced LjGlul.

In Chapter 5, enzymatic activity and localization of LjGlul were investigated. LjGlul was
predicted as a secret $-1,3-glucanase by its amino acid sequence. The recombinant protein of LjGlul
clearly showed the enzymatic activity of -1,3-glucanase. The fusion protein of LjGlul and mOrange
was secreted from root tissue and associated with rhizobial cells colonized on the surface of the root
hairs of L. japonicus. These findings suggest that LjGlul secreted from the root associates with the
rhizobial cells and inhibits penetration of rhizobia into the root hair cells.

Chapter 6 summarizes the presented results and gives discussion on the function of LjGlul in the
regulation of nodule formation. A new idea that LjGlul degrades the polysaccharides of rhizobia and
produces a kind of elicitor that induces defense system of the host plant is proposed for the function
of LjGlul in the regulation of nodule formation.



